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Abstract

In the 70ies of the last century, ther term “preanalytical phase” was introduced in the literature. This term describes all actions and aspects of the

“brain to brain circle” of the medical laboratory diagnostic procedure happening before the analytical phase. The author describes his personal expe-
riences in the early seventies and the following history of increasing awareness of this phase as the main cause of "laboratory errors”. This includes
the definitions of influence and interference factors as well as the first publications in book, internet, CD-Rom and recent App form over the past
40 years. In addition, a short summary of previous developments as prerequesits of laboratory diagnostic actions is described from the middle age
matula for urine collection to the blood collection tubes, anticoagulants and centrifuges. The short review gives a personal view on the possible ca-
uses of missing awareness of preanalytical causes of error and future aspects of new technigues in regulation of requests to introduction of quality
assurance programs for preanalytical factors.
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Major Components of Hemostasis
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Primer Hemostaz Testleri:
*Kanama zamani
*Trombosit fonksiyon testleri

Sekonder Hemostaz Testleri:

*Prothrombin Time (PT)

*Aktive Parsiyel Thromboplastin Time (aPTT)
*Trombin zamani

*Faktor dizeyleri (Faktor I-XI11) )
*Tromboz paneli(Protein S, Protein C, AT Il1) ..
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Hemostaz ve koagulasyon arasindaki farklar

Hemostaz ve Koagulasyon

Koagulasyon,hemostazin, trombositler ve
coziinmeyen fibrin agi tarafindan stabil bir
kan pihtisinin olusturuldugu son asamasidir.

Hemostaz, vaskiler hasari takiben kanamayi
durdurma sirecin timuddir

Prosesler

Koagulasyon sirasinda ¢ozlinebilir plazma
fibrinojeni ¢c6ziinmez fibrine polimerize olur
ve yaralanmanin olusturdugu boslugu
tikanmasi icin bir tikac olusturur.

Hemostazin nihai sonucu kanamanin
durmasidir.

Tipleri
Koagulasyon, kan pitilasmasinin intrensek

Hemostaz, primer hemostaz ve sekonder yolu ve ekstrensek yolu olarak kategorize
hemostaz olarak adlandirilan iki tipe =Tl

ayrilabilir.

Koagulasyon, karaciger bozukluklari ve
inaktif veya anormal fibrinojen Gretimi ile
bozulabilir.

Hemostaz trombosit bozukluklari nedeniyle
anormallikler gosterebilir.




Pre-pre-analytical
phase

Pre-analytical
phase

U .

Uhe Five RIEWTS

* Right patient

* Right time

* Right test

* Right sample collection/handling
* Right sample transportation

Specimen Analytical
quality quality
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* Right separation

* Right pre-treatment
* Right aliquoting

* Right sortation

* Right routing



Potential sources of preanalytical bias

/

Preparation

e Medication

e Hospitalisation
* Nutrition

* Fasting state
Use of stimulants
Pregnancy
Menstrual cycle
Genetic variants
Physical activity
Further diseases
Gut colonisation

Patient

\etc. } /
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Sampling mode
Material
Location
Posture
Disinfectant
Time/Speed
Tourniquet
Ambience
Contamination
Staff differences
Storage at ward
Transport

Physician

 etc.
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4 Laboratory

Reception/unboxing
Storage conditions

* Temperature

e Duration

* Freezing/thawing
* Freezing speed
Ambience (eg. RT)
Preprocessing

* Centrifugation

* Pipetting
Analysis order

Batch processing

tc.
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Kan alinmasi konusunda
anahtar preanalitik 6neriler

iZnenin capi tercihen 19 ve 22 gauge arasinda
olmahidir

Silikonlu cam veya plastik (polipropilen) tipleri
kullanin

Kan 6rnekleri 105-109 mmol/Lsodyum sitrat,

ilk tiip dolmaya basladiginda (<1 dk) turnikeyi
tamponlu antikoagiilan igcine gekilmelidir

serbest birakin

Flebotomi sirasinda kan alma sirasi, kan kultiirii
/ steril tupler, koagiilasyon tupleri, diiz tipler /
jelli tiipler, katki maddeleri igceren tiipler
olmahidir

Sitrath plazma kelebek sistemleri veya diger IV
kateteri kullanilarak elde edildiginde alinanilk
tiipi kullanmayin

Antikoagiile edilen plazmanin pH'1 7.3-7.45
arasinda olmahlidir

Hastalarindan kan toplama islemini ag iken
sabahlari (7 ile 9 arasinda) yapin

Pihtilagsma testleri icin numune tiiplerinin dogru
doldurulmasini saglamak icin ilk atilan tiip
degerlendirilebilir

Hasta rahatlatilmalidir. Stresden kaginiimalidir.

Kan alma tliplnu; hastanin tam adi, dogum tarihi,
kimlik numarasi ile etiketleyin.

J KK K KK

Tiplerin dogru dolduruldugundan emin olun (>%
90 dolum)

Sodyum sitrat, gerekli tam kan oranina (1: 9)
itibar gosterin
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\/ Venoz kani, direkt olarak periferik bir damardan
(antekubital ven) alin




Oneriler

Fransiz Haemostasis ve Tromboz Calisma Grubu
(GFHT),

Diinya Saglik Orgutu (WHO),

Klinik ve Laboratuvar Standartlari Enstittisu (CLSI)
kilavuzlari,

Uluslararasi Tromboz ve Hemostasis Dernegi (ISTH),

Avrupa Klinik Kimya ve Laboratuvar Tibbi Federasyonu
(EFLM) ve

Ingiliz Hematoloji Standartlari Komitesi (BCSH)

On analitik asama ve preanalitik degiskenler hakkinda
sunmus olduklari énetriler.




Ornegin islenmesi konusunda
anahtar preanalitik oneriler

Ornegin transportu konusunda
anahtar preanalitik oneriler

Antikoagiilanin tam dagilimini
saglamak icin tiipler 3 ila 6 kere tam

ucgtan uca ters yiiz ile yeterli ve hizli
bir sekilde karistirilmalidir

J

Kan orneklerinin siddetli calkalanmasi,

vortekslenmesi veya calkalanmasini
onleyin

4 N\
Hemotokritin yiliksek olmasi durumunda

sitrat hacmini ayarlayin (kan alimindan

once ornekleme tiipiinden sitrat
¢Ozeltisinin bir kismini ¢ikar)

Tasima oOncesinde, ornekleri,
tanimlama, guivenlik kosullari ve stabilite
ile ilgili olarak test edin

( [ X3
Ornekleri ortam sicakhginda (15-25 ° C)

muiimkiin oldugu kadar kisa bir siirede ve

dik olarak nakledin. Trombosit fonksiyon
analizi icin pnématik tiip sistemleri (PTS)

kullanmayin
.

\
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Ornekleri dogrudan laboratuvarda
alin

Pihti veya hemoliz varligini

kontrol edin

Alindiktan hemen sonra, tam kan tasima
sirasinda kapakli kalmahdir

Numunelerin analiz icin tutuldugu

odalarda sicaklik kontroli tavsiye edilir




Ornegin red edilmesi
konusunda anahtar
preanalitik oneriler

Preanalitik isleme ve yerine
getirilmemis ulagim gereksinimleri
nedeniyle kabul edilemez olan tim

ornekler reddedilmelidir

Uygun olmayan toplama tiipleri,
katki maddeleri ve tarihi gegmis
tiipler

Hastanin tanimlanmasinda
hata veya eksiklik

Yetersiz hacim (analize bagh olarak).

Bir alternatif, ilave diliisyona bagh

olarak sonucu adapte etmek olabilir

(ornegin, faktor analizleri igin,
fibrinojen)

Hemolizli (analize bagh olarak) ve
pihtili 6rnekler

Santrifiigasyon konusunda anahtar

preanalitik oneriler

Rutin koagiilasyon analizleri icin, sicaklik
kontrollii santrifiij kullanin

" Trombosit-fakir plazma (PPP) elde edilir
olmasini saglamak icin santrifiijii kullanmadan
once, her 6 ayda bir veya modifikasyonlardan

. sonra_dogrulayin

Santrifiij bakiminin yapilmamasi nedeniyle
titresim olmadigini (hizlanma/ yavaslama
islemleri sirasinda) kontrol edin

- o

'Pihtilasma testi icin primer tiipii 1500g, 15 dk'da)
santrifiij edin. Acil durumlarda, taze plazmada
PTT, APTT ve fibrinojen i¢gin yliksek santrifiij giicii
(1500 g'dan biiyiik) ve daha kisa siire (10
L dakikadan az) kullanilabilir )

" PPP'nin hazirlanmasi, 10x10°/L'den daha diisiik bir rezidiiel
trombosit sayisi elde etmek igin ¢ift santrifiijleme gerektirir.ilk
santrifiijlemeyi takiben, otomatik bir pipet kullanarak plazmayi

aktif olmayan bir plastik santrifiij tipline dikkatlice aktarin ve

_daha sonra yaklagik 15 dakika boyunca tekrar santriftjleyin

-
Trombosit fonksiyon analizi icin trombosit acisindan zengin

plazmanin (PRP) hazirlanmasi,bir rotor freni uygulanmadan 10
dakika boyunca 200-250 g santrifuj gerektirir.
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Ornegin Depolanmasi konusunda
anahtar preanalitik oneriler

Numuneleri analize kadar oda sicakhiginda (15—
25 ° C) saklayin

Tam kan analizlerini kan alinimindan <4 ve
santrifiij <1 saat sonra gergeklestirin

Asiri sicakhk dereceleri (6rnegin hem sogutulmus
hem de yiksek) 6nlenmelidir

PPP'yi oda sicakhginda (15-25 ° C) veya analize
kadar —80 ° C'de saklayin

Tam kan 6rnegi toplamadan 1 saat sonra
santrifiij edilirse, plazma test edilmeden 6nce 4
saate kadar oda sicakliginda birakilabilir

Ornek alimindan analize kadar gegen zaman
analite baghdir: PT / INR igin 6rnekler oda
sicakhginda daha uzun bir stabiliteye sahiptir (24
saat)
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Trombosit fonksiyon testleri i¢in, numuneler
analizden en az 15 dakika 6nce oda
sicakhginda bekletilmelidir. Test 6rnek
alimindan<3-4 saat icinde tamamlanmalidir

Faktor V ve VIl analizi <3 saat yapilmalidir

Fibrinojen, protein C ve antitrombin aktivitesi 7
giine kadar oda sicakhiginda saklandiginda
nispeten sabit kalir

Protein S aktivitesi kararsizdir ve 8 saatte
istatistiksel olarak anlaml bir aktivite kaybi
vardir

VWEF, oda sicakhiginda 48 saat boyunca sabit gibi
goriinmektedir

APTT igin 6rnekler taze plazma <4 saat
(fraksiyone olmayan heparin ile tedavi edilen
hastalarda <1 saat) kullanilarak yapilmalidir
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Ornegin dondurma ve ¢dzdirme
konusunda anahtar preanalitik oneriler

Donmus orneklerden PT, aPTT ve faktor VIII
testlerini calismayin

4 saat icinde test edilemeyen ornekleri
santrifiijleyin ve plazma alikotunu dondurun

Hizli dondurma teknigini (sivi azot) kullanin

Ornekleri -20 ° C yerine -70 ° C'de (veya altinda)
saklayin

-20 ° C'de dondurulmus plazma érnekleri 2 hafta,
- 80 ° C'de dondurulmus plazma 6 - 18 ay boyunca
parametreye baglh olarak stabil kalir

Ornekleri tekrar dondurmayin (ancak yeterli
sayida alikot hazirlayin)

v

Numuneleri hizli bir sekilde 37 ° C'de
(fibrinojen denatiirasyonunu onlemek igin) bir
su banyosunda 37 ° C' de en az 5 dakika
boyunca, (oda sicakliginda degil),bir tezgah
lizeinde veya bir mikrodalga firinda iginde
¢oziin. Hemen test edin

GCozuldukten sonra, herhangi bir cryoprecipitati
restispanse etmek icin numuneyi hafifge karistirin.
Vortekslemeyin veya sallamayin



Koagulasyon testlerinin

karakteristigi

Preanalitik degiskenlere ¢ok a¢ik

Testlerin hedefinde antikoagiilan kullanan hastalar var

Reddedilen numuneler icinde orani fazla

Plazmadaki platelet orani 6nemli (PPP)

Hatali sonuglarin ciddi klinik yansimalari var

Tiip dolum orani sonuglar etkiler

Pihti varhigi boyutundan bagimsiz
reddedilir

Hematokrit sonucundan etkilenir




Koagulasyon Testlerinin Karakteristigi

1-Preanalitik degiskenlere cok acik

2- Testlerin hedefinde Antikoagulan ilac kullanan
hastalar var

3-Red edilen numuneler icinde orani fazla
4-plazmadaki platelet orani 6nemli(PPP)

5-Sonuc hatalarin ciddi klinik yansimalari var
6-tup dolum orani sonuclar etkiler

7-Pihti varligi boyotundan bagimsiz red nedenidir
8-Hemotokrit sonucundan etkilenir



Table 1_Summary of Hemostasis Tests and Sample Requirements

Comprise Usually Performed Via

Sample Type

A. Routine coagulation tests

PT/INR, APTT, TT, fibrinogen Clot-based tests, automated instrument, primary
collection tube (sometimes separated plasma)

D-Dimer (D-D) ELISA or ELFA or agglutination (primary or
secondary tube)

B. Specialized Hemostasis Tests

Factor assays (ie, ll, V, VII, VIII, IX, X, XI, XIl), factor ~ Clot-based tests, automated instrument
inhibitor assessments, protein S, protein C

VWF tests ELISA, immunoassay, or agglutination
Protein C, protein S, antithrombin ELISA, immunoassay, clot based, or chromogenic assays
Heparin (anti-Xa) assay Chromogenic assays
APCR Clot-based tests, automated instrument
LA Clot-based tests, automated instrument
Solid phase aPL tests including aCL ELISA or immunoflourescent assay
and ab2GP!
Platelet function tests Specialized instrumentation
Genetic thrombophilia tests Specialized instrumentation

Citrate anticoagulated plasma post single centrifugation

Separated citrate anticoagulated plasma, post single
centrifugation (usually post freezing)

Separated citrate anticoagulated plasma, post single (or
preferably double) centrifugation (usually post freezing)

Separated citrate anticoagulated plasma, post double
centrifugation (usually post freezing)

Separated serum preferred; separated citrate anticoagulated
plasma post single centrifugation sometimes acceptable.
Usually post freezing.

Citrate anticoagulated whole blood or special processing
required.

EDTA or citrate anticoagulated whole blood or special
processing required

February 2012 m Volume 43 Number 2 m LABMEDICINE




Hata nedenine Bagh Ornek reddi

Laboratorytest ~ Improperlylabelled  Hemolysis Clotted specimen  Insufficient volume

groups samples (%) (%) (%) (%)

Clinical chemistry inpatient 0.03* 0.06 0 001
Clinical chemistry outpatient 0 0 - 0

Immunoassay 0 0 : 010

002 048 026

HbAlc 0.01 : 0.0i 001

Hematology 001 - 016" 002

SR 001 : 064' 0.5

Biochemia Medica 2014:24(3):376=-82



Ornek Kabuliinde
Red Nedenleri

Pihtili ornek @
Uygunsuz ornek hacmi @
Hatali klinik istem %7.3
Hatali kKimlik tanimlama %6.5
Hemoliz %6
Yanlis tiup %3.8
Gecikmis transport %1.5

Z.G. Dikmen, A .Pinar, F. Akbiyik. Specimen rejection in laboratory medicine: Necessary for patient safety?

Biochemia Medica 2015;25(3):377—-85




Acil Orneklerde Red Yiizdesi

Clinical chemistry -—
CDC |
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Blood gases
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Hemotokrit degeri/sitrat orani

X = (100—-PCV)*vol./(5695-PCV) =
Where:

X= volume of sodium citrate

Vol =volume of whole blood drawn

PCV= patient’s hematocrit

Examples:
Patients Hct= 60%, V=5 mL
X=(100-60)*5 / (595-60)

= 40%5 /535 = 0.34 ml 0.70

0.65

Patient Hct = 25%, V=5 ml 0.61
X=(100-25)*5 / (595-25) :

= 75%5 / 570 = 0.65 ml 0.39

0.36

0.31

0.27




Platelet Poor Plasma
(CLSI H21-A5)

Assay Refrig. -20°C -70 °C
Up to

2 54 birs Unacceptable | 2 weeks 12 mo.
APTT 4 hrs 4 hrs 2 weeks 12 mo.
APTT
(UFH) 4 hrs 4 hrs 2 weeks Unknown
APTT
(VWEF, 4 hrs 4 hrs 2 weeks 6 mo.
FVIII)
Other 4 hrs 4 hrs Analyte-dependent




Preanalytical Interferences Associated with Diagnostic Errors? *

: _— Improper

Falsely .
increased P, E\mm; FV, PT, Fibrinogen Antithrombin PT, APTT
results |
Unaffected
APTT PT, APTT
results
Falsel APTT, Fibrinogen,
q y q Antithrombin, _ _ o _
ecrﬁase T Antithrombin Fibrinogen D-dimer
results

2. Favaloro EJ, Lippi G, Funk (Adcock) D. Labmedicine. 2012 Feb;43(2).
5. Lippi G, Plebani M, Favaloro EJ. Semin Thromb Hemost. 2013;30:2538-286.



Dle £ >ummary of main results ror hemaostasis tests

1,500-S 3,000-S p 1,000 p 500-S p
Value Value Value Value

\PTT (s)

“Values | 30.6(28.8-323) | 30.0 (28.6-31.5) | 0.35 | 30.2(29.3-32.1) | 0.87 | 30.2(28.2-32.0) | 0.39

“Bias | - 0.4 (-1.2t0 0.5) 0.1 (0.8 t0 0.7) 0.3 (~1.1t0 0.5)

T (s)

“Values | 10.7 (10.2-10.9) | 10.5(10.0-11.0) | 0.08 | 10.4(9.7-10.8) 0.01 | 10.3(9.9-10.7) < 0.01

“Bias | - 20.2 (~0.4 to 0.0) _0.4 (0.6 to -0.1) 0.4 (~0.6 to -0.2)

BG (g/1) .
Values | 277 (249-325) | 269 (246-360) | 0.25 | 299 (284-326) 001 | 302 (284-332) < 0.01

" Bias 12 (-9.5 to 33) 23 (8-38) 27 (15-40)

VIILC (U/dL)

" Values | 65 (61-85) 76 (65-98) 0.04 | 72 (61-90) 015 | 73 (61-100) 0.08

" Bias 14 (1-27) 5 (-2 to 13) 9 (-1to 19)

VIIEA (UfdL)

“Values | 60 (52-76) 70 (58-84) 0.03 | 57 (50-76) 086 | 62 (44-84) 0.43

" Bias 1 (1-22) 0.7 (-8 to 9) 4 (-6 to 14)

1X:C (U/dL)

“Values | 82 (70-110) 99 (86-115) 0.01 | 98 (85-115) <0.01 | 103 (83-121) < 0.01

" Bias 10 (5-15) 10 (5-14) 12 (8 to 16)




Table 1. Effect of various anticoagulants on routine and select specialty coagulation assays

LMWH Dabigatran Rivarcxaban or apixaban
Assay UFH fondaparinux VEA {thrombin inhibitor) {Xa inhibitors)
APTT Prolonged 1 1 Mo effect or Prolonged 1 Prolonged 1 ¢ Prolonged
prolonged ©

PT/MNR* Little or no effect Mo effect Profonged 1 ¢ Profonged 1 Prolonged T 1

TCT Prolonged T 1 1 Prolonged Mo effect Profonged T T 1 Mo efiect

Clauss fibrnogen May be factitiously low Mo effiect Mo affact Mo effect ar factitiowsly kowt Mo effect

AT activity
a. FXa bassd a. & b. may be decreased$ a. & b. Mo effect & & b. Mo effect &. Mo effect a. Factitiously oversatimated
b. Flla basad b. Fectifiously overestimated b. No effiect

PC activity
a. Clot bassd a. Fectifiously overeatimated a. & b. Mo effect & & b. Decreazsedf &. Factibously overestimated a. Factitiously oversatimated
b. Chromogenic b. No effect b. Mo effect b. Mo effiect

PS activity
a. Clot bassd a. Fectiiously overestimated a. & b. Mo effect &. & b. Decreasedf &. Facfiiouely overestimated a. Factitiously overssfimated
b. Fres PS Ag b. No effect b. Mo effect b. No effect

APTT-based APCR with Facfiiously elevated Mo effiect Factitiously slevated or Factitiously sdevated ratio Factitiously elevated ratio
added FV deficient pleema rafio decreased ratio possible

APTT-based fector as=aye, Factibously low Factitiously low Decreazed FIXE Factitiously low FVIIL X, X1 Factitousty low FVIIL 1X, XI5
one stage FVIIL, e, X1 FVIIL I, XI5

FT- based factor as=ays, Mo effect Mo effect Decreaszed FVIIL, X, 11 Factitiously kow FII, V, VI, X5 Factitiousty low FVIL X, W, 117
one aiags®

Chromagenic FVII activity Mo efiect Mo effect Mo effect [o effect Factitously low

APTT mizing study Incomplate correction Incompdste comaction Caorraction into normal renge Incomplete comection Incomplete comection

PT mibding study* Mot indicated with normal PT Mot indicated with Incomplets comection Incomplete comection Incomplete comection]

normal PT
LA teetz Pozzsible to mizclassify Effect unlikely Pozsdble to mieclassify ae LA Pozesble o mieclassify ae LA Pozzible to mizclzesify as LAY

aslLA




EDTA contaminarion

Desirable
bias 0% 5% 13% 29% 43%
APTT
Values (s) 307+1.4 304+13 30.6 + 1.6 32.9 + 1.6% 37.3 + 2.0
Bias (%) +23% - —1% (—2100%) 0% (—1101%) 7% (6 10 9%) 22% (19 10 24%)
PT
Values (s) e +o4 11.0+ 0.5 1.0+ 0.5 I11.6 £+ D.6* 13.8 = (0.9*
Bias (%) +£2.0% - 0% (010 1%) 1% {0 to 2%) 6% (5 10 8%) 26% (23 1o 29%)
Fibrinogen
Values (g/L.) 294+046 29+06 29 + 06 28+ 06 2.3 £ 0.5
Bias (%) +48% - —1% (—4t0 1%) —1% (—51t02%) —3% (—7to1%) —21%

(=15 to —27%)

*P<0.001 compared to the uncontaminated aliquots,

© 2014 John Wiley & Sons Ltd, fnr dnl. Lab Hem. 2015, 37, 403-409



Table 3_Summary of Effects of Inappropriate Sample Processing Issues on Select Hemostasis Tests

lssue Effect on Hemostasis Tests

Whole blood refrigerated Platelet activation and loss of FVIIl and VWWF; can lead to false diagnosis of hemophilia or VWD
prior to centrifugation

Filtered plasma Loss of fibrinogen, FVIll, and VWF; can lead to false diagnosis of dysfibrinogenemia, hypofibrinogenemia, hemophilia, or

VWD prolongs routine coagulation test times (PT, APTT, and TT); false LA feasible

Delayed transport, delayed 1. Loss of labile factors (especially FV and FVIIl; can lead to false impression of hemophilia; prolongs routing coagulation test
tesfing, poor storage, several times (PT, APTT); 2. Samples with unfractionated heparin can yield lower than expected APTTs and lower anti-FXa (heparin)
freeze-thaw events; storage test levels; 3. Potential activation of FVI
In frost-free freezer

Poor centrifugation, heavy braking, Platelet contamination, hemolysis, and platelet disruption post freezing; activation, false low APTT, false low heparin levels,
sample remixing prior to freezing false negative LA, false high factor levels

Table has been adapted and updated from refarence 4,

February 2012 m Volume 43 Number 2 m LABMEDICINE




Pre-analitik Degisken
Flaglari Standardize
eden Otomasyon
Teknolojileri
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Technological Advances in the Hemostasis
Laboratory

Giuseppe Lippi, MD' Mario Plebani, MD> Emmanuel J. Favaloro, PhD, FFSc (RCPA)?

! Laboratory of Clinical Chemistry and Hematology, Academic Hospital  Address for correspondence Giuseppe Lippi, MD, U.0. Diagnostica
of Parma, Parma, Italy Ematochimica, Azienda Ospedaliero-Universitaria di Parma, Via
2Department of Laboratory Medicine, Academic Hospital of Padova, ~ Gramsci, 14, 43126-Parma, Italy (e-mail: glippi@ao.pr.it; ulippi@tin.it).
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Koagulasyonda otomasyon

e Koagulasyon testi son 50 yilda dramatik bir degisim
yasadi. 1950’lerde bile, 1960’lar ve belki de 1970’in
koagulasyon testleri elle yapildi.

* Bir santriflj, bir kronometre, bir pipet ve bir test tlpd ile
donatilmis laboratuvar teknisyeni, bir kanca ile ince bir
igne kullanan bir hastanin numunesinin pihtilasma
kapasitesini belirlerdi. Onun kararina gore, kancanin
ucunda kucuk bir fibroz pihti tespit edildiginde saat
durduruldu.



* Daha sonra, testleri standartlastirmak ve
optimize etmek icin, kicuk pthtilarin
olusumunu belgelemek icin kiicuk pihtinin isik
gecirgenligi veya

e kucuk boncuklarin pihtinin buyumesi ile
hareket etmesinin engellenmesini dokiimente
eden ve fotometre mantigi ile calisan kicuk
cihazlar Uretilmistir.




» Koagulasyon testleri, in vivo olarak meydana
gelen olaylara benzer bir sekilde in vitro bir
islemi taklit etme avantajina sahiptir.

 Bununla birlikte, bu testler in vitro olarak
hemoliz, ilac ve lipidemia gibi bircok farkl
etkiye yatkindir.



Sysmex® CS-5100i (Siemens, Minih, Almanya) gibi yeni
nesil koaglulasyon sistemleri. hem preanalitik hem de
veni analitik 6zelliklere sahiptir.

Preanalitik cihaz, 3 farkh dalga boyu (405 nm, 575 nm
ve 660 nm) kullanarak hasta numunelerini tarayarak
hemoliz, ikterus ve lipemiyi tespit eder.

Bu 6zellik, analizden dnce potansiyel olarak soruniu
test orneklerini tanimlamak icin ekstra operator destegi
sunar.

Hatali 6rnek toplamadan kaynaklanan uygunsuzluklari
hesaba katarak numune hacmi de kontrol edeler.




Evaluation of Coagulation tests:

Manual Method:

Coagulometers:

Semiautomated Method.

Automated Method.



Methods of Endpoint Detection
1 Mechanical
J Optical

=  Photo-optical
= Nephelometric
=  Chromogenic

=  Immunologic

] Electrochemical






Technological Advances in the Hemostasis Laboratory Lippi et al.

Sample Probe

Bloodtube

.

Sample Rack

/

///

//// .

Clotted plasma Air bubbles Inappropriate volume



Alerts operator to possible
sample-collection errors

Ensures appropriate
sample:anticoagulant ratio

Verifies sample-draw
quality

Fill Height







p Assay -Specific Interfering Substance Detection :;

Hemolysis, Icterus and Lipemia

Assay-specific thresholds are best
- Base thresholds on real test results

- Same interference substance readings can flag
results for one assay, but not another

PT with no flag Fibrinogen with flag
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STA-R Max 2

»360 test/saat

>3 Prob

»1000 kuvet yikleme
»215 numune yikleme
»Kapak delme
»Barkodlu yikleme

» Otomatik diltisyonlar

» 70 reaktif pozisyonu
»15 karistiricili
»Barkod kalibrasyonu
»>PT
> Fibrinojen
»Rack ile numune
»Barkod dondirme




STA Compact Max 3

» 150 test/saat
>3 Problu

»1000 kuvet yikleme o CompaCt Max3)

»96 numune yikleme

»Kapak delme
»Barkod ile yikleme
»Otomatik diltyonlar

» 45 reaktif pozisyon
»5 karistiricili

» Barkod kalibriasyon
>PT
» Fibrinojen

» Cekmece ile yukleme




VBDS (Viscosity Based
Detection System)

e Patentli Stago yontemi
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platelet counts of at least up to 200 x 10°/L (200,000/uL)."”*"* Samples that have visible hemolysis should
not be used because of possible clotting factor activation and end point measurement interference. Some
current instruments using an optical detector may have problems with end point determinations on
samples that are icteric, lipemic, or contain substances that interfere with light transmission. Alternative

methods (e.g., mechanical/electromechanical) should be considered.



Optik Interferanslar

SPECTRA OF CHROMATIC SUuUBSTANCES
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Effect of Hemolysis on Coagulation Testing

Release

of ADP
Platelet Activation

and other - of coagulation
procoagulant BN cascade

factors

Release of procoagulant factors: patient dependent



Hemoliz

~ :
4 ’vsg;smex A Instrumentation
SEEe SIEMENS F——
i 200 mg/dL V)
PT Artificial 5360 mg/dL 1000 mg/dL 500 mg/dL
i 200 mg/dL M)
APTT Artificial 5360 mg/dL 800 mg/dL" 500 mg/dL
Fib Artificial 5360 mg/dL 400 mg/dL 375 mg/dL
CS-5100 Reference Guide
Kaynak HIL study S. Kitchen (2015) ISTH Poster S. Kitchen Reaktif insertleri
(2015)
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Lipemik

PJ "'E%mex M Instrumentation
Stago SIEMENS P
PT 1300 mg/dL 203 mg/dL 1000 mg/dL
APTT 1300 mg/dL 202-288 mg/dL 1000 mg/dL
Fib 1300 mg/dL 289 mg/dL 750 mg/dL
Kaynak HIL study S. Kitchen (2015) CS-5100 Reference Guide Reaktif insertleri
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clotting (optical and optomechanical), chromogenic,
immunologic, high-sensitivity luminescence based
immunoassay (LOCI) technology, and platelet
aggregation testing

|




Pre-analytical Check of Sample o SIEMENS .,
Integrity (PSI check)

Checking samples for proper fill volume

The sample integrity is checked prior to processing
orders. PSI™ check evaluates the actual sample tube fill
as well as potential interferences (HIL) since both can
have an impact on patient results.

In case under or over filling is detected, the red PSI check
symbol appears next to the sample ID. The following
proper-fill check results can be displayed:

* The sample tube is under filled or over filled, but
the sample can be measured. A symbol is
displayed in the dialog Jobs, a flag is displayed in
the dialog Jobs > Sample result info, and a symbol
is displayed in the column Level in the dialog Jobs
> Sample info.




Pre-analytical Check of Sample - stewews
Integrity (PSI check)

Measurement Principle The following results can be displayed:

F 0 0
The HIL reader performs an initial check of samples relative to N Above sample-specific H, | or L warning level
hemolysis, icterus, and lipemia.
ﬁ' Above assay-specific H, | or L warning level. The

A photometer in the HIL reader checks the presence and the type sample’s hemolytic, icteric or lipemic index is higher

(H, I, or L) of interference in the sample. than or equal to the assay-specific warning level

H . . .
* H = hemoglobin resulting from lysis of red blood cells 1 HIL_was nu’f measured or is deactivated. A visual check
* | = icterus resulting from endogenous bilirubin for interfering substances is recommended

# | = [ipemia or turbidity caused by insoluble lipids



cobas t 711 ve t 511 koagiilasyon analizérleri

Bir bakista

Kapak delme
+ Frrkh hapak lighering uyum
+ Ouoetatin, ylbsahbh iy

Reaktil yonetimi

+ Cuoeatih, resdaif hazrlama

- G guderhien yUkkemetogbm
57 reabil kaset hipasiesi

Sarf malzemeleri
+ w1000 hivet
« Civiz gudearhen yUubkemsetogaling

Kalite sonuclan

© Nurune botinbigi horoobet
(Hemolz, Iaer, Lipem)

+ Onsesasih kit heotrolberi

* cobu 1711 300 eslisast

+ cobes 15712 105 test/saan

Numune yonetimi

+ cobas 1 112 225 nusune
* cobu 15112 75 numune
5 hoownbs rak

« el STAT taaflare roklice

Yazilem

+ Dokanesatih ehran

© LIS badlaniss

« cobm” Ik de onfine ver dktane
© Uzshlin senvis bajkaran



Figure 41.1. Advantages and disadvantages of detection methods in
defining parameters

Method Advantages Disadvantages
Mechanical + No interference due to + Impossible to observe
physical characteristics such graphics of clot formation
as lipemia or hemolysis « May present problems of
+ May use small sample endopoint detection in some
volumes samples with low fibrinogen
+ Some can analyse whole
blood for some tests,
removing the need for
centrifugation
Photo-optic + Possibility of graphics on + Interference due to lipemia,
clot formation hemolysis, hyperbilirubinemia,
+ Optical checks for or protein increase on some
hemolysis/lipemia/icterus on systems
some optical systems - Some systems may present
difficulties with clot detection
when using some completely
transparent reagents
+ Very short coagulation
periods may go undetected
owing to delay prior to

initiation of monitoring



Nephelometric

+ Can measure antigen-

antibody reactions in
proteins present in very
small amounts

« Limits number of available

fests

« Cost of reagents

Chromogenic + Fully specific assays may be | « Limited by the instrument’s
easier wavelength
+ Additional parametersnot | « Requires large test volumes
suitable for measurement for positive cost-benefit ratio
by clot detection may be « Cost of instrument and
possible reagents
+ Increases the repertoire of
possible tests
+ Possible improvements in
precision compared fo clot
based analyses
Immunological | - Can automate time- + Limited number of tests

consuming, manual methods

+ Increases the number of

possible tests

available

» Cost of instruments
« Cost of reagents



lki farkhi markanin PT kiti

\_Limitations of the Procedure

Normal samples spiked with heparin concentrations exceeding 0.6 U/mL produced abnormal

results. However, Thromborel® S Reagent may be used to monitor the administration ot ovetrlap-
ping dosages of heparln and oral anticoagulants. In thrombolysis therapy, derived fibrinogen and
fibrinogen determination according to Clauss may deviate and should be considered in therapy
control. Inhibitors of the Lupus type anticoagulant can influence prothrombin time and lead to
INRs that do not accurately reflect the true level of anticoagulation®. The choice of anticoagulant
(i.e. oxalate instead of citrate) and the condition of the specimen (e.g hemolyzed, lipemic, par-
enteral feeding, etc.) may affect results. The latter is particularly true for PT measurements done
with optical instruments. Hirudin or other direct thrombin inhibitors in therapeutic dose result in
prolonged prothrombin times®®.

1/ LIMITATIONS

Sample

The slightest coagulation (micro-clots) will induce considerable
shortening of the times mMmeasured (autocatalytic activation of all the
factors) whereas extensive coagulation will prolong the clotting times
because of consumption of factors and fibrinogen.

Do not keep plasmas at 2-8 “C because in this temperature range the
factor VIlI may be activated by the kallikrein system (2).

Anticoagulant

Maintain the correct anticoagulant/blood sample volume ratio of 1:9. If
there is any considerable wvariation in hematocrit, modify the quantity of
anticoagulant accordingly.

Heparins

The STA® - Neéoplastine® CIl Plus test_is_insensitive to unfractionated
heparin levels up to 1 1U/mIl and to low molecular weight heparin levels

up to 1.5 anti-Xa U/ ml.




Giuseppe Lippi*, Chiara Bovo and Emmanuel ]. Favaloro

Reflections on the next generation of hemostasis
instrumentation. A glimpse into the future?

Preanalytical sample management

— Multiple sample types management

— Internal centrifugation

— Separation and aliquoting of blood or plasma for transportation
within the instrument

— Preanalytical checks for volume, clots, hemolysis,

Fram TLA

hyperbilirubinemia, turbidity

Module 1 Module 2 Stockyard
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Pre-analytical error might lead to inaccurate
result and compromise patient safety!




Irt J Lak Hematol. 2015 Fedby37i1:50-5. doit 10.1111h.12230. Epub 2014 &pr 5.

The order of draw: much ado about nothing?

Indeyuyst C“‘, Schuermans W, Bailleul E, Meeus P

+ Author information

Abstract
INTRODUCTION: The 'order of draw' has been advocated since 1982 to reduce the risk of cross-contaminating blood tubes with
additives from a previoushy filled tube.

METHODS: We studied 193 patients receiving oral anticoagulation. Multiple tubes were collected in a specific order using the Sarstedt
Safety Monovette System. We evaluated the effect of the 'order of draw' on the prothrombin timednternational normalized ratio
(PT/MNR) and the activated partial thromboplastin time (APTT) when the citrate tube is drawn as the first tube, second tube or after a
heparin, EDTA or serurm tube with clot activator.

RESULTS: There was no statistically significant influence on the PTANR. The same applies for the APTT measured on a citrate tube
drawn after & heparin tube. There was a small, but statistically significant bias on the APTT when the citrate tube was drawn as the
first tube, after an EDTA tube or after & serum tube with clot activator. We consider this bias (max. 0.2 5) a5 not clinically significant,

CONCLUSION: The order of draw has no significant influence on the PT/ANR and APTT when measured on a Sarstedt citrate tube filled

woithivman b Flam el AF A Aicesed fobls me AP arE A lRoeArin EOT A A caroen Fodbm weitkh s Lok ek et



Pneumatic tube system transport does not alter platelet function in optical and whole blood
aggregometry, prothrombin time, activated partial thromboplastin time, platelet count and
fibrinogen in patients on anti-platelet drug therapy.

Enko D', Mangoe B Minch A® Niedrist T2 Mahla E* Metzler H° Priller F°

+ Author information



Son Soz

Everything begins with the Sample

Of-line preanalitik sistemler hem istenen 6zellikteki
santrifuj ve plazma indeksini vermesi ve ornek hacmini
belirlemesi nedeniyle bu 6zellikleri tasimayan koagulasyon
cihazlarin agigini kapatabilir, en dogrusu preanalitik ozellik
yoniinden cihaz ve reaktifleri, cihaz se¢ciminde 6n plana
ctkarmaktir.
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